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Abstract 
This research aimed to study the potential use of ultrasonic atomization technique for biopolymer particles and tube preparation. 
Poly(lactic acid) (PLA) was selected as a model polymer. The polymer solutions were, first prepared. For particles forming, the 
factors affecting the preparation such as the polymer concentrations, the distance between a nozzle and a target plates and the 
feed flowrate target plate were investigated. In case of tube fabrication, the feed flowrate and the time of atomizing were of 
interest. All samples were analyzed for particle sizes and SEM images. For particles preparation, it was found that when 
increasing concentrations of PLA, the particles size of PLA increased as a result of the increased viscosity of polymer solution, 
causing larger droplets of spray, hence large particles formed. Upon varying the distance between a nozzle and a target plate, it 
was found that the spray distance did not affect the particle sizes. For tube fabrication, the polymer solution was atomized over 
the rotating shaft. The results showed the rotating shaft speed had no effects on the tube structure. The tubes could be 
successfully formed. The tube had rough surface without holes. When increasing the atomizing, the tube had rougher surface. To 
create porous structure of the tube, anti solvent was added to the polymer solution prior to spraying. The as-sprayed tube 
illustrated rough surface with network structures having porous-like scaffold structure due to the different evaporation rate 
between solvent and anti-solvent 
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1. Introduction 
There are many technologies that are used in forming or processing polymers. These include extrusion, 
injection, compression, blow-molding, electrospinning, casting and spray drying. Until recently, the potential use of 
ultrasonic atomization for porous scaffold has been introduced. The ultrasonic atomization technique like spray 
drying, can use to form particles under hot air circulation or ambient, The spray involves heating gas and 
temperatures for assist the solvent evaporates faster and has a more wide distribution of particle size than ultrasonic 
atomization[1] whereas an ultrasonic nozzle can generate microdroplets, thus fine and uniform microparticles The 
atomization using ultrasonic itself can further extend to use in film production through the evaporation of polymer 
solution[2]. Atomization has a variety of ways such as gas atomization, water atomization, centrifugal atomization 
and ultrasonic atomization the ultrasonic atomization technique has advantages over the others, where by the energy 
loss through ultrasonic atomization is less than the other atomization. Atomizer is also smaller than the others. The 
size distribution of particle is a narrow range of particle size can be controlled by precisely adjusting the frequency 
of  ultrasonic waves. Particles obtained are spherical. Factors that affect the process of forming techniques include 
ultrasonic wave, power, fee flowrate and characteristic of solvent [3]. The size of the powder particles depends 
mainly on the setup of the equipment, which is very flexible.  
There have yet been no reports on the systematic investigation of the use of ultrasonic atomization for 
possible particles forming and tube fabrication. In addition, the bipolymers were of interest as they can be further 
applied for many biomedical applications such as scaffold, bone fillers and for chemical engineering applications 
such as membrane separation process. Polylactic acid (PLA) is one of the most popular biopolymers, which is 
derived from a corn. The advantages of using PLA to this process include the easy-to-prepare as a polymer solution, 
stable under ultrasonic wave, and many possible solvent systems. Thus, this work focused on the preparation of 
particles and tube using ultrasonic atomization. The factors influencing the preparation of both were investigated. 
The biopolymer, polylactic acid (PLA), was selected as a model polymer. 
2. Material and experimental 
2.1 Material 
Poly (lactic acid) (PLA) grade 2003D was purchased from NatureWorks Co.,Ltd., USA. Dichloromethane 
(DCM) Pharmaceutical grade and Ethanol (99.9%) were purchased from Scharlau Corporation, Thailand. 
2.2 Experimental 
2.2.1 Polymer solution preparation 
The different amount of PLA (1, 1.5, 2 %wt) and Dichloromethane (DCM) were added into the mixing 
flask, then the mixture was stirred for an hour to ensure complete dissolution and kept under cold condition. 
2.2.2 Particles forming 
The polymer solution was fed by using the peristaltic pump through the rubber tube into the nozzle. The 
rate of feeding was 0.53 mL/min. Each solution was sprayed under varying the distance between a nozzle to a target 
plate (made from a glass). The SEM images and particle size analysis were taken for each runs. 
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2.2.3 Tube preparation 
1% wt of PLA solution was prepared and then the polymer solution was sprayed horizontally to the rotating 
shaft rotated at the constant speed to form a tube shape on the moving shaft. In addition, ethanol and 
dichloromethane were used as co-solvent, for preparing the porous tube. The co-solvent was used to prepare 1% wt 
of PLA. After spraying, the samples were left for an hour and it was peeled off from the rotation shaft. The SEM 
images and particle size analysis were taken for each runs. 
3. Results and discussions 
3.1Morphology of PLA Particles 
 
The sparyed particles as shown by SEM images (Fig. 1 and 2) were relatively spherical and porous-like. Some 
particles were destructed due to the hollow structure of the particles. During the evaporation of the solvent, the 
diffusion of solvent from inner evaporated slowly with the longer time, causing the spherical particle structure to 
collapse. The inner hole structure was confirmed after these particles were soaked with liquid nitrogen and were 
broke by the hammer. The broken particle revealed the hole in the center of the particle as shown Fig.1. 
 
 
 
Fig.1 PLA particles with hole structure; 1%wt PLA solution,  the distance between the nozzle and plate 15cm. 
 
 
3.1.1 Effect of PLA flow rate 
 
The SEM micrographs during various rate of feeding at 250 times magnification were shown in Table 1. When 
forming the particles by using various feed flowrate, it was found that, the value of 0.53 ml/min was the most 
suitable. From Fig. 2, it could be seen that at 0.53 ml/min of feed flowrate, the particles size distribution (PSD) was 
narrow and uniform. feed flowrate. 
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Table 1  SEM images for various flowrate of feed at 250 times magnification 
 
Feed 
Flowrate  of 1%wtPLA solution 
/Particle size  
SEM images 
0.33 ml/min / 4-28 μm. 
 
0.42 ml/min / 8-16 μm 
 
0.53 ml/min / 10-18 μm 
 
0.60 ml/min / 5-28 μm 
 
0.69 ml/min / 5-15 μm 
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According to Table 1, that the feed flowrate of 0.33 ml/min, the PSD was wide and the size of particles was 
averagely around 4.28 micron while at the feed flowrate of 0.42 ml/min, PSD was better than 0.33ml/min, where the 
particles ranged between of 8-16 micron. However, both feed flowrates did not provide enough polymer solution of 
PLA to feed through the nozzle during the forming process. On the other hand, it revealed that PSD was narrow as 
10-18 microns at the feed flowrate of 0.53 ml/min and also provided the stable spraying. At the feed flowrate of 0.60 
ml/min and 0.69 ml/min, there were the wide PSD and also the sprayed particles resulted from larger droplets of 
solution through the nozzle. 
 
3.1.2. Effect of PLA Concentrations 
 
The morphological characteristics of PLA particles sprayed at the different amount of PLA of 1, 1.5 and 2 %wt were 
observed by SEM micrographs (Fig. 2-4).  The distances from the nozzlenozzle and the plate of 10-20 cm.  
 
 
 
Fig.2 PLA particles 1% wt. and distance between the nozzle and plate = 10 cm (A1) 200x magnifying and(A2) 500x magnifying. 
 
 
 
Fig.3 PLA particles 1.5% wt and distance between the nozzle and plate = 10 cm (A1) 200x magnifying and(A2) 500x magnifying 
 
 
 
Fig.4 PLA particles 2% wt and distance between the nozzle and plate = 10 cm (A1) 200x magnifying and(A2) 500x magnifying 
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Fig.5  sizes of particles by using different quantity of PLA and various distance. 
 
According to the Fig.2, 3 and 4, the particles were relatively spherical and the sizes of particles ranged from  7 to 14 
microns. The internal hole of particles could be observed. Agglomorates were also formed. These resulted from the 
collision of larger and smaller droplets during spraying process. The evaporation of solvent of the smaller particle 
took place faster than the bigger and the gel-like particles could connect the other particles while there were brought 
into contact. 
 
As shown in Fig.5, the effect of concentration and spray distance on the paticle sizes were similar for increasing 
concentrations of PLA. The increasing PLA concentration led to larger PLA droplets, hence larger sizes for all spray 
distances. When comparing the spray distance with any fixed concentrations, it was found that the particles size 
remained unaffected. The similar size of PLA particles could be obtained indevendent of spray distance.  
 
 
 
Fig. 6 Tube surfaces from PLA for 1-hrs at 23.81 rpm speed. a) x500 b) x1000 
 
 
 
 
Fig.s 7 Tube surfaces from PLA for 1.5-hrs at 23.81 rpm speed. a) x500 b) x1000  
 
From Fig. 6 and 7, it was found that the longer spray time for tube forming process, the thicker surface on the 
tube was obtained.The physical charactistics of the outer surface of the tube was rough and had a lot of holes due to 
the air bubbles remaining on the surface after solidification. 
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Fig.8 Tube surfaces from PLA for 2-hrs at 23.81 rpm speed. a) x500 b) x1000 
 
 
 
Fig.s 9 Tube surfaces from PLA cosolvent solution for 1-hrs at 23.81 rpm speed  a) x500 b) x1000 
 
When the polymer solution prepared using the mixture of ethanol and DCM, it could be observed that the  tube 
became porous due to the use of mixture of the different solvents, which have different evaporation rate. Moreover, 
the surface of the tube was also extremely porous and rough. This structure can be explained through the solvent 
anti-solvent followed by phase separation and vitrification model. Briefly, DCM can evaporate before ethanol 
because of the lower boiling point of DCM. At the same time, DCM was a good solvent for  PLA while ethanol was 
not. Thus, during the evaporation of DCM, ethanol would become more concentrated and reached the critical 
concentration, where PLA started to precipitate as solid. Finally, ethanol evaporation took place and left PLA with 
internal pores and rough surfaces. 
 
 
4. Conclusion 
The potential use of ultrasonic atomization was explored as particles and tube fabrication in this work. The 
particles were successfully prepared. For particles preparation, the sizes of particles could be adjusted according to 
the PLA concentrations and feed flow rates. The particles sprayed by this method ranged from 2-30 microns.  It was 
found that the most suitable feed flowrate was 0.53ml/min and PSD had most uniform sizes. Moreover, it was found 
that the distance between the nozzle-nozzle and the plate had no effects on the sizes of the particles but every 
distances of spraying resulted in the film structure in the center of spray cone.  The inner particles were porous, and 
relatively spherical. In case of tube fabrication, it was found that the tube could be formed with relatively smooth,  
The spray time for tube resulted in thicker tubes and the surface was rougher. The preparation of porous tube was 
also performed by solvent anti-solvent system (DCM:Ethanol). The extremely fine porous structure was clearly seen 
on the surface. Further study is required to understand the mechanisms of particles and tubes forming and the 
properties of particles and films are needed for some specific applications before scaling up to pilot scale. 
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